Journal of the Korean Data € g o] 8 4 B 3}3] 7]
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2010, 21(5), 873-882

A AAEd R Fo] F8H o]F 2] vu|&3} v|7}E A 7kl
ZA% ZAG el gt wo) g H'

378!

A4 2010d 7€ 9¢, =4 2010 9€ 3¢, AAEA 20104 9€¥ 8¢

£ o

B =geAe ]ﬂ%ﬂiﬂizﬂ 29 oFo wARA ta WelAt AL 2Bk of
o, WAGERRFE WAYEETARSH WA AaA RS E%E Fet Atk HA9 @
AFANE AR5 913kl Aviul g3 ATuIZFEAI o) 2AG 720l AgE L, ol eI B
QARG el g3t BANG AHUAFAZI] 42 PG Asde] WA BEAR
B4E e ool BREE T uf, wlo Aok Hol 2ABk] HAo) AP Aol Adr). olu), 27
o WAFANE 23] ANA Jiangst Ji (2002)) S3)A AdE FUFI5IL A ToR,
B oA Aok vlolA ek AR AL AP AHA 14 o) At
Fagol: ZHuIZFEAZ, At g, WARERRS, FVRES

1. A &

227} 7R3k A] Bl (repairable system)ol] o3t o*4 X A (Preventive Maintenance; PM) o] 2t A}
SA7 2R S Qohe FRoE §A] B A7) fste] Alxdlo] 1ol WA S| Hell ok
AR &5 oltt. oyt AMEAN FAHH Aol QoA 7PE FR2E B A F shube Alade
Hl A= APEA S5 +F2 o9 5 T 7HEee 2YP3LE sk Zo] dde 27 =Y
ol FAE=7E 18sh= Aottt Ul&xAF o2 Nakagawa (1986, 1988)= FR oYX AR Y (failure rate
PM model)& A|FsFI AL, Canfield (1986)2}F Malik (1979)2 AR "R AR 3 (age reduction PM
model)S A TE 28|31 Lin 5 (2000)2 o] F+ 22 E33 Feje] HB AR ARE (hybrid
PM model)< Al ¢+al$iT).

w3, 27k h5a Azdols thya Welel WA Ao] Fol7) W], WzIZo] ABHE A
2"lof tfst ARRAF el BAAA (maintenance policy)d FHAE AE7} HZ71A] EiksiAl 38
H 3 9t} (Sahind} Polatoglu, 1996; Jung3} Park, 2003; Jung, 2006; Yeh 5, 2007; Chien, 2008;
Jung, 2009). 3], &mm4PM%%m(W%F=E5W7M]%EQ o|Fo) A2 S wA A A
(replacement policy)= AISFsIH AL, Jungd Park (2003)-2 Sahin¥} Polatoglu (1996)7} AIQFst ®
Z7]7]-0] &eg o],_,__/] _,7_;4]7@111'% oﬂtﬂ—i;qx-lxﬂ oz §]-x1——5]_oﬂ1;} th]_-’ Chien (2008) ] xHAg_r_wJ]_
A HZ (renewing free replacement warranty)©] 0% AJlxwlof tfsle] Wb Ql 7B WA (age re-
placement policy) 28-S 183} th. 33, Yeh 5 (2007)2 HE7]|7ro|A A|2”lo] w3Fo] wkAds}

_4 O

fo] zge d
L (608-736) HAFZ A F T A3% 314—79 2]/\4‘:]]6_]'_\—.\7_ Zéiilﬂ ELJ/]—, —‘?'— . E-mail: kmjung@ks.ac.kr
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W H42] (minimal repair) 7} $3F L, BE7|7H ABFHA b= WA FEH AT ES (non-
renewing free minimal repair warranty) ] 503 s=g]7} 7153t A|2~dof gt A F A A3
=
234, olyst RARFNA AAde IFERE AAR GHAA FAY B g Feje st
tals 2344 (uncertainty) S JERUE 2458 238l Qo o|H3t BAE &) dsty] 93t
Hjo]= A NA L A7t H27HA] Wol A3PE 1 At} (Mazzuchi®} Soyer, 1996; Parky} Jun, 1997;
Sheu 5, 1999; Han¥} Jung, 2002; Jung, 2007). 53], Mazzuchi®} Soyer (1996)= dZw A4
(block replacement)+ 71 mAlol] o3 wlol= ol el el BARAS AASAL, Shen 5
(1999)2 A28l ojgt 2242 v 82 FEWS2 75k Mazmchish Soyer (1996)9] 478 %
QeTh. 227 Hans} Jung (2002)2 WA AR Z0] Foi 2 A~ thsfe] wo]= ZHol A<l
ARYPE v sAct

HA, oA 27HE BARPNA = H Ao BARAS AA37] HiA AT 71HE]E (ex-
pected cost rate per unit time)¥HS ARSI U A|2EE 28351=0] QlojA] AlxHle] B}
BAIZE (downtime)-2 AH o2 WA 2 o] ofu e} AREAL] oA F23HA i oof &
Q9lo17] wj&o olo] that A7t a3, Jung 5 (2008)2 HZ7|7ke] 289 0|39 w8} v/}t
FAIO 2AT H A wAAAE AT T8 Jung F (2010) Jung T (2008)9] Aol
o
pi)

I g

ko)A HIH S Attt HIAAF R RS v gn g RS o] Fo Feuhs a1elst

3, FERESY v RS 23 JEjQ E3HH S (combination warranty)ol] A= s &
7] whgel o5 A7E EHRFel b HARTL B4 AR Aok

wEhA] 2 AFolMs vAAFE RS vAARE RS BF E3eke HABEFE S| be] =
o] 217k 7Fs ek Aladol thate] Zthu] 3t ZIiu] e AR A alel sk Mol ¢k Sl uw
ARBAE nstut gty 5, Aladole MARFREES 700 BRI RS 7S 23ee v
ABEFES7IZE (v, w)ol FJA AL, HAZIZE (1) &l Al 7o) DSt Hae| 7t +3
gt a2l HA7Ike] SRFE = Aol AREARel osiA A Ala'ler wAlHETE o3 wA)
2ol thste] ARG ZIthn] &3 DA 71T u] 7FE A el 2 AZE wo] A <F S o] A w
A7 S AAskLA} St

B =Ed e 22 Yeer ARk 280 = Jung 5 (2008)2] Ao ZAst] vAYE
FHZF7IZke] FEE o] F] WA RLF o thste] A HIy el o3 ARG 78§ &)
A 71 R 7FE AR okl H A 0] WAl P S AR sk ol thate] AR dith 3-ox= 23
oA a2l gt MY EFEZ 7] FRE o] %o wA Yol thsto] wo| x|t S AR 7t

;

N85} BN AT AFEAIZE TR A 2T o T /|1ES o8] FUFUSE 4
star, olol 2A% H Ao wARFAE AAJc). I, 2ol Uid BFAAE NFE] 93 =53
WA AR (adaptive replacement policy)ol thate] AW3slitt. A 4HoAE= A|2He] 1A 7 o] 2}o]
EB3 (Weibull distribution) & & w] 22 & B4 38A A wAARZ7|7re] 285H
0] 2-2] ¥]-§3} n|7FE AR ZAT WA Yol thek W]t AT S At

2. B A AYEFFR 3l A o] FA A
2.1. ZA=3

H FHoA= B AW EFHEZ (non-renewing combination warranty)©] $&5% ©]%2] 7|tfn]g3} 7]
R7FE AR A e she AREA S WA tiste] AHE 12} shed], o]& flsiA the
32 AES e
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i) Aades MARETRES Yokl 0o wrh Fol AL, FEEZIIZE (0,0)01,
Hlel 857142 (v, w)7} k.

if) WAAERRS ] FEE o] 5] HAHIE 5k Alawol] o] AT ALgAel oJsiA
H 527 2ag,

i) FEIARLZ|te] FRHE ARIN Aade] £EL yolrh

iv) FERARZIZE o] Axdol el o] WA

v) A2Ee BA77b0] 5= ARelA AHgRte] a4 mAHT,

vi) duts BB 5ol AE AT WAFAZL, d, & HatelE 98 57,

Aoz BAR) 98 H7AEAZkel

)
AL G, cpn BAZIZE Fok) BT TFOE A% WG, ¢S BF T
Sotol AT WPOE AT u]§, 2T ¢, & wA|H]Golch.

et 22 7 e SlA RIAAERE Sl F8E o|F] 7t &3t ZIhu 7FE A2 3 AL et
£ AARYS 1T 5 ok F, AlLde HAAEHES I (v, w)o] FAXITh =, wWAYET
H3oMe FREESZAA (0,0) 4 Aladol] o] st Al~dE F22 WA iz, v
HI7170Q (v, w) FX Alxglol] a7ge] dgshd Alxgle] ARg-7]Zbe] vl wAlv§e] d7E

WA FYSES St Alade] wAE Ty BE/70] dolAls APRFANAY B
) | A9 JenE AYEFREANE BE]be]

2 oo) Aaule] 29 (age)S WA wol AT HABEGH ZoN AL A2He] $wo) 07} w Abo]o] &
ASA At olwl, WAAEFRZFOIN BE7|7ke] F2E wle] Aade] £EL yI B, BET]
£ 10124 3% 3714 y = wold | = 0] H2, I = 00] y = w7} B}

ofN
(= N DY

2.2. 7]oinu] g3} Z)thu) 7 s A2

o] ZollXe 2.1 A% vAYEHET ol TEH o9 WARY tiste] SHAITT 7]
-8 AAIZY 71 thu] 7S ARl Bisli A ATk WA, B =gelA s aA R e
S AIZEE W82 Jung 5 (2008)9] AFHERE RS o] TS

Ove(r) = ——{er + (em + csm)N (1)} (2.)
71 A,
o crerchrlcfw ,0<y<w-—w
c1 = (w —v)

e +lcfw , y>w—o

olaL, N(r)& TAIZF Fde nZ3lT, yv 57|00l T5E w9 Aad"e £1, (2 B3 5
o] Ala’le] IFBE, e HATENE, cppe HAZIE S0l BT 2o A% v, cro
HZ712F Sotoll st g o g Q8 v, 28 ¢ wAM]Eelth

h(t) = apt’™'t > 0,a>0,8 > 0. (2.2)
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ghef, Alagle] mFgAZe] Qo] EREE TRt ZHYSHAL aft BTt Fol AW, TAIZEE Z]HiH]

1
_w+7-

w3, GAA TG BI7FEAIZE Jung 5 (2008)2] A2 RE o2 go] TS & 5 ok

{ertemaly+7)7 =y} (2.3)

Dyc(1) = w;”{ldw +dr +dnN(1T)}. (2.4)

4714 1e HE/% Sl Aade R4S, d, = RE717 Sode] LA A8 WAEAL, dl
a5 g AR WAFEAZE TelT d, 2 A2 A Aoz LA A% ul7FE Akl

wro}, AlaEle] WA TO] 4] (22)9 2L DABUSE 2 o BEEE AATL 74T as)
B7} Fol AR, WS AIZHE F|ehu] 7FEAIZES TheT) o] Hrk.

E[Dyo(r)|a, ] = ——{idu +d; + dual(y+7)" — )} (2:5)

+
2.3. A ZARPA

o] AollA& A (2.3)°] DAAIZT ZIthu] &34 4] (2.5)8] SN 71 n|7FEs AR A S
HA ) wAZAS Argstaat shetl, A W82 Jung 5 (2008)°0 UERY Atk F 71Eed 24
g HAHo wAGAS AAs7] A Td 7ol 2 A A uAR NS dHEA T 7]
] &3 NG IR 7EE AR AR e S S ARSkaL 7] wlEel o2 A1 Sl

N

A37] A3 ol Fasith ol HslA Jiangst Ji (2002)0] A Ak FWFIFFE o83
koo (1) E A 71t tidk WH3 (value function) 2kl dF2F. oull, 4] (2.3)9] &=
HAAIZEF 71T R]-8-2] H g2 Cmin ©12HAL 3HE vi(7)E T3 2ol Hod 4 Ut
_ Cmin 26
) = Boo e, 57 (25)
2231, va(7) & DAAIRYS 7R ZFE A el Rk MR ekaretal Sha, va(r)E Tt 2o B E
At
Dmin
va(7) = EDnc (D) (2.7)
7)1 A Diine A (2.5)0] U= A7V 7 tin] 7Fs A 7ke] H 4 3hS o) nj gt}
OJAl, WHES vi (1) v2(7) S 083t TR} 22 FWHISE F T 4 St
V(1) = wiv1(7) + wava(T). (2.8)
A71A w1 BA T ZIehu] gl i 7S o] 2 we s TYIAIZIG v 7FE ATk et THE A 2 A
wy +wz = 1& “&:—LD} upebA, 4 (2.8)° gle FURITE AiBehe ftol F 7IEe A 1

3 242 ®wA/7 7} Ak,
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3. wlo]xIQt Zw e H Ao LAY

2AAA L MAYEGRT O] R 0T W ulZFEATI AT TARGe Thske] Aun
stk @, oleld wAlEY el £ Az LeAA ¢ 74»} == e e

o\

2 stjels BRA4E Yehe 5452 2l long odd BAE ddsr] 18 wol= #
Aolel 47 Ak oA o BANE AIERRT) TR o152l G BEA L
278 RAR Y e o= Fupgol thajel 4w R A} B,

3.1. 7|tju)&3} 7)gn]7RE A 7

IFAIZE T7F 4 (2.2)9] DFETFE 2 JolEEXE sttha 7PYsRE o] ulf, 4] (2.2)4A A
" uFESS h(t)ol TFH F 25 a2} gl Uit AR FEE X E Mazzuchi?} Soyer (1996)2] <
olA9) o] TR Z, ok T 2L AVHREE mpEThy AR,

fla) = il lemb o >0 (3.1)
I'(a) ’

A71A a, b > 0°]aL, °] g2 AHREEEES] 2525 (hyperparameter)E UERATE FE3H FJejma
59] AVAHBEEE A At} 28 EHIES el et
(8) = L(c+d) (B—BL) " (Bu — B
P TIE@ (Bo = pr)ee
4 (32)) AelY WEREAA AR BN b % GRS 7] AAE et
Zo] o4k WEREE (discretization of bata density)2] FE|Z HIPFA|A A3 Zo] £} (Maz-
zuchi®} Soyer, 1996).

, 0< 8L < B < Bu. (3.2)

P =Pr(B =) (3-3)
Bi+6/2

1—6/2
A7, B =B +6(21 —1)/2, 6 = (Bu — Br)/k°lth
a8, R4Eo] APAEY (prior independent) o2t 7}A S, a9t B9 BHAHAFEERZ (joint
prior probability distribution)+ 4] (3.1)3} (3.3)l &3] v} Zo] 732 4= U}

p(a, B) = f(a) Pr(8 = Bi) (3.4)
_ b* a—1_ —ba
T T” b

o|A| wlo]=2FH oA TAITIG 7] B2 B a8} fo] AHNEEEEZE 1] tha3 Lo
T 4= o} (Han¥} Jung, 2002).
E[C(7)] = Ea E[Cne(T)|a, B]] (3.5)

a

€1 (Cm + Cpm) <b> (y+7)" —y™)
:Z w—+ T B,

=1
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oA71A P2 A (3.3)°l F=o1A lem, o1 2 vt o] Aot

W) =Y e cy<w-
P e (w—0) Cr +lcfuw y<w-—v
e F+lcfw , Y2 w—
a3 wo|2AHANA Y DHAIZT ZIHRI7FEAIE B ol fo] AAHSEREE APt T
3} Zo] 7 % gk

E[D(7)] = Ea,p[E[Dnc(7)|, B] (3.6)

a
ldy +dr +dm E ((y+7—)ﬁ_yﬂ)
P,

:Z w4 T b

=1

714 P& 4 (3.3)0] o1& Ut

3.2. Ao ZAPH

o BAE 4 (390 AL MA=RAA A BANLG D83 4 (K ZoA Al

doliel AN ASALE B TAD A AL TARDA A clefT
71% of 2A% A0 BARAS AR R Aol 228004 AW AT FAGTh WA,
51(7) 2 DRAZG Zhu] ol The Wk AL olul, 4 (3.5) QA7 A ehul &
o H4g% Coan o123 318 s (1) & Th gt o) 2012 4 9k,

n IN
é
30,
e ol
¢ J:E

L

vm2(7) = B

714 Dmin 4 (3.6)°0 A= DHAAIZYT 7R 7Fe A7k H a2 ojnj et
A=, A (3.7)9 vpi (1) A (3.8)9] vpa(7)E ©1 83t Tt 22 SURIFE AT 5 Ut

VB(T) = w3vp1(T) + wavpa(T). (3.9)

o7, ws & BAANG 7t Gl theF 7HE o] 3 wat HANG HIZFE AT ha A5 A A
ws +ws = 12 BEITE webd, A (3.9)0] G FBRILE AhHHE e T 7
3 wlo) = ego A e Ao BA7|7 7k A,
grob B oA neE AAYEGRS ] SRE olFe LA HA
v = 0018 4] (3.5)9] TN Ahu] g ulAGul RS o] FRA olF] AR Tia wo]
v

AN
o
L
)
R
v

-
frt
b
ol\
N
o
o
o
lo
=)

AN AAAIZEG 7S5 T LIHA =L, bEE ST 7e] gled, &
DAAIE 7] &2 AT R RS o] T5H o5 AARF ot H o
Z 71 v &3} F LA "k webA oyt S A &, 0x=
ﬁursar Jung 5 (2010)0l4 T TA = &
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o] oM+ ¢4 HAZAE u3taA st ol HiA BES7 5 npxjgte 2 17go] W
Aete] Al2ES DASE A o] S HE] AAES A 202 WAEY] A7FA] AT nfe] 1FAIZE
(failure time)& t1,t2, - ,t, ©]2F2L 31, =8 (likelihood function): TR} o] 35| At

L(O{,ﬁ|t1,t2,~~~ ) = {Haﬂtﬁ 1}6Xp{ (y—’_T)B} (310)
deb, A G A28 255D IPNARERES A (3102 LEULE 1§34 a3 g2

AAEZEEE 2 (joint posterior probability dlstrlbutlon) o} 3} Z},
f(a7 /B|t17 t27 Tt 7tn) X H [aﬁlt?l_l exp {—Ol(y + T)gl } aa—l exp {—boz} ]DI] . (311)
i=1

_J— (a|ﬂl7t17t27 e 7t7l) = f(a,/Bhtl,tQa e 7tn)/Pr(/B = /Blvtlyt27 e 715”)01—‘:,‘E a'/] Zﬂ H}\]——"
582 (conditional posterior probability distribution)¥ tR&-3} Zt}.

{o+ @y +7)h}""
I'(n+a)

7H A% @ = a s nst b =b+(y+1) FoRedes &+ Aok
ol-gstd P tha &l Faixith
Pr(8 = Bilti,ta, - ,tn) = P/ (3.13)

g ATt} ™/ {o+ )"}

— praesl

J:1 PJ'BJT'L {Hz‘:1ti}ﬁj ' /{b+ (y+7)ﬁj} i
o[Al gt po] FHAFZEREE T o] FHo] ohn, qxu HARAL 4] (3.5)9 4 (3.6)014]
a, b, P2l 7t& SlolA £ a*, b*, PFE HAANACZAN 4 5 dt =, of, b, PR OAE 4
(3.5)2F 4 (3.6)= HABSh= 75 .0 5.8 A4 T F olE ol&sto] 4 (3.9)9 FEUFIFE A
A 7 93, o] FURTFE HAUSste el F UIES A 2HT HA 5

= Zlojth.

FalBiti ta, - tn) = a(“*”)’lexp{*o‘ (b+(y+f)ﬁ’)}' (3.12)

Z_‘

SolA Aejd 4 (3.12)% B4
w3k A (3.11)3 4 (3.12)2

}i
<
a7
)
N
N
N
)

| dolde 2 =EdA st d)ATg 7Ithu]83 ZIthu)7Fs Azl SA% H A wAA
Aol sk wlo]= FZ WHS BAEE S AdHstA} s}t o]F $JsiA Mazzuchi®}l Soyer
(1996)8] =olAet FLstAl A (3.1)¢F A (3.3)° Ae a2t ] AHBERZANA 0 = 2.1, b =3,
c=2,d= 12ka 7y sk, e = 30, ¢ = 3, d = 35, d,, = 50|28} 7} SHAL
E 41001 SHAEG 71883 DAIZES 71 R 7Fs Al el A S Wl o] = Al A Al A 9] # A
o] BA7|Zke] vEhY gtk WA, y = 0.10]2 w3 = 0.59 W, AHAFEEZEZTE 0|83t 4] (3.9)9

SURAT Ve(1)E HUZ sh= wlol= AAAAM H A BA7|17ke 4l Hd, 2] BA7)7h2

4 9tk F342 Az -A—H/HL 2679DHA17P0M MzZE Al
olaz, ojmje] @RAIZFF ZItin]-8-2 E[C(rp)] = 25.768011°]11, ©91A]
[ehRI 7R AR E[D(75)] = 219932390t} 12]a1 ﬁﬂ‘r 2ol 2741 HA wlo)= wA P
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(5 = 2.679)& & 4.10] 9 Cycle 19 TgAR A§Ho2A Az HA9 vol= LA H S
AT 5 Utk &, AARB R o3 249 A BAYHE ol§3e] o*, b9} P E Foha,
o1E G BT FRFULE A T8 5 0], 0|9 ol T FURESE Az o 4
49 WATA1E A o, F 420] ANE wish Qo] , = 2302017} ek B Pz Cyclo
29} Cycle 39 29 wxEe] OSIAE 242} wol= BAIAY AA) HAZLE FHov, of

REREL

2318 2 4200 ANSTh £, O wd] ol AR FA3 o HA9 uAs|0E A4
T 5 gom, YolAlsh 22 S Rol 4 ek AT £8H WAFAL AR WA E A2
8o Aol U 8 ojo] 2ol 4%l BAYAS FHE BT 2N ARE 449 B
AAAS AR B B2 Bo) o BAYLS AFT 5 9t P Ak

2 4.1 DAY e g3 2Rl 7 Azl S AT A A o) wol= wA 4 A

jﬂ

. . w3
Yy Optimal Policy 01 03 0.5 07 09
0.1 7';; 2.547 2.611 2.679 2.749 2.821
Ve(tg) 0.99925  0.99822  0.99787  0.99820  0.99923
0.4 TE 2.385 2.329 2.275 2.223 2.171
’ Ve (‘rg) 0.99945 0.99872 0.99848 0.99872 0.99946

b

X

4.2 SAANZT 718 &34 71 du7bE Al 2AS =3 aAE A
Cycle R =4 y Th Ve(Tg)
0 based on the prior 1 0.1 2.679 0.99787
0.23886* 0.34063 0.61730 0.75832 0.81644
0.89211 1.28697 1.32275 1.59933 1.89400
0.06746* 0.54753 0.74183 0.77638 0.89433
0.95937 0.96309 0.98799 1.04741 1.39670
0.14949* 0.28799* 0.36531 0.38413 0.61981
3 0.66464 0.97217 1.01994 1.05152 1.09623 2 0.06252 2.842 0-99808

* denotes the time of failure before the warranty is expired.

H
—
I
o
S
—
=
=

2.392 0.99964

1 0.43254 2.264 0.99848

2 2 22 e WA el thsto] w0l
a3 x*%“&‘%‘é:% lﬁfﬂi’ii}. 53], Aade 8okt 294z WS 83 v7HEA
7 227 Jung 5 (2010)9] AFAHAE ARHA QA HSFERA vAPETE SOl Ye Al

: aHE HH wAZANAN FREZS

flod HAgu g EFo] FRE o5 WA RYP tigt woj= FI2WH FASHA FHa, wlE
i o] %o A RF ol 3t wjoj= A HIW I FLsH

N r[.r
Ao
=2
X
rr
=)
=>.4=
0::
r}°1
%
HI
olN
o,

n 2

ol
4
Ac)
N

T, -
N
o
%
>,
[>
o
=2
fu)
)
Y
X,

z 1o

oy

WEshs 25 adt fE 2 Sol8FEE T uf wloj= #HolA
7] t AL o] F 71EE Al 2
HI 7R ARkl 278 B
g

= Mg+ e =5

-

oo
kY

2 HE% %JQ“ —a—““ 42 ALttt HEol,

o~



A Bayesian approach to replacement policy following the expiration 881

Faed

Canfield, R. V. (1986). Cost optimization of periodic preventive maintenance. IEEE Transactions on
Reliability, 35, 78-81.

Chien, Y. H. (2008). A general age replacement model with minimal repair under renewing free-replacement
warranty. European Journal of Operational Research, 186, 1046-1058.

Han, S. S. and Jung, G. M. (2002). Bayesian maintenance policy for a repairable system with non-renewing
warranty. Journal of Korean Data & Information Science Society, 13, 55-65.

Jiang, R. and Ji, P. (2002). Age replacement policy: A multi-attribute value model. Reliability Engineering
and System Safety, 76, 311-318.

Jung, G. M. and Park, D. H.(2003). Optimal maintenance policies during the post-warranty period. Reli-
ability Engineering and System Safety, 82, 173-185.

Jung, K. M. (2006). Optimal preventive maintenance policy for a repairable system. Journal of Korean
Data € Information Science Society, 17, 367-377.

Jung, K. M. (2007). A Bayesian approach to PM model with random maintenance quality. Journal of
Korean Data & Information Science Society, 18, 689-696.

Jung, K. M. (2009). Two PM policies following the expiration of free-re[air warranty. Journal of Korean
Data & Information Science Society, 20, 999-1007.

Jung, K. M., Han, S. S. and Park, D. H. (2008). Optimization of cost and downtime for replacement model
following the expiration of warranty. Reliability Engineering and System Safety, 93, 995-1003.

Jung, K. M., Han, S. S. and Park, D. H. (2010). A Bayesian approach to maintenance policy based on
cost and downtime after non-renewing warranty. Communication in Statistics- Theory and Method,
39, 2321-2332.

Lin, D., Zuo, M. J. and Yam, R. C. M. (2000). General sequential imperfect preventive maintenance models.
International Journal of Reliability Quality and Safety Engineering, 7, 253-266.

Malik, M. A. K. (1979). Reliable preventive maintenance scheduling. AIIE Transactions, 11, 221-228

Mazzuchi, T. A. and Soyer, R. (1996). A Bayesian perspective on some replacement strategies. Reliability
Engineering and System Safety, 51, 295-303.

Nakagawa, T. (1986). Periodic and sequential preventive maintenance policies. Journal of Applied Proba-
bility, 23, 536-542.

Nakagawa, T. (1988). Sequential imperfect preventive maintenance policies. IEEE Transactions on Reli-
ability, 37, 295-298.

Park, K. S. and Jun, C. H. (1997). An optimum maintenance policy: A Bayesian approach to periodic
incomplete preventive maintenance with minimal repair at failure. Proceedings of ‘97 Conference of
the Korean Operations Research and Management Science Society, 193-196.

Sahin, I. and Polatoglu, H. (1996). Maintenance strategies following the expiration of warranty. IEEE
Transactions on Reliability, 45, 220-228.

Sheu, S. H., Yeh, R. H., Lin, Y. B. and Juang, M. G. (1999). A Bayesian perspective on age replacement
with minimal repair. Reliability Engineering and System Safety, 65, 55-64.

Yeh, R. H., Chen, M. Y. and Lin, C. Y. (2007). Optimal periodic replacement policy for repairable products
under free-repair warranty. European Journal of Operational Research, 176, 1678-1686.



Journal of the Korean Data & St o] 8 B 3}3] 7]
Information Science Society
2010, 21(5), 873-882

A Bayesian approach to replacement policy following
the expiration of non-renewing combination

warranty based on cost and downtime'

Ki Mun Jung!

Department of Informational Statistics, Kyungsung University

Received 9 July 2010, revised 3 September 2010, accepted 8 September 2010

Abstract

This paper considers a Bayesian approach to replacement policy following the expi-
ration of non-renewing combination warranty. The non-renewing combination warranty
is the combination of the non-renewing free replacement warranty and the non-renewing
pro-rata replacement warranty. We use the criterion based on the expected cost and
the expected downtime to determine the optimal replacement period. To do so, we
obtain the expected cost rate per unit time and the expected downtime per unit time,
respectively. When the failure times are assumed to follow a Weibull distribution with
uncertain parameters, we propose the optimal replacement policy based on the Bayesian
approach. The overall value function suggested by Jiang and Ji (2002) is utilized to
determine the optimal replacement period. Also, the numerical examples are presented

for illustrative purpose.
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